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(57) Abstract: A liquid curable resin composition comprising for optical libers (A) 
a urethanc (meth)acrylalc oligomer in particular an oligomer comprising a polyether 

backbone, (B) an unsaturated poly merizable compound, (G-) a photoinitiator, and (D) 

an anlioxidan which causes the cured coaling to exhibit a yellowing index after five 
(1) days exposure of less than 5, and a Youngs modulus retention rate of more than 70 
% after aging for 30 days at 100 °C. In particular, component D can be a compound 
shown by the following formula (1), wherein R a represents a hydrogen atom. or an 
alkyl group having 1 -4 carbon atoms and R h and R c individually represent alkyl groups 
having 1-12 carbon atoms, or 2-teri-butyl-6-(3-icrt-butyl-5 f -meihyl-2 , -hydroxybcn- 
zyl)-4-methylphenyl acrylate. ■ , 
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v LIQUID CURABLE RESIN COMPOSITION FOR OPTICAL FIBERS 

5 Field of the Invention ' . 

. The present inventic)n relates to a liquid curab^ 
composition exhibiting excellent light resistance, suitable as a coating material for 
T optical fibers, optical fiber ribbons, and the like, aridi toa cured T product thereof. 

10 Description of related Art ;; -..'.^ : / ^ 

. v : In the fabrication of optical fibers, a resin coating is applied for 

protection and reinforcement over glass fiber produced by spinning molten glass. 
As such a resin coating, a structure consisting of a primary flexible coating layer 
formed on the surface of optical fiber and a secondary rigid coating layer applied , . 
15 thereon is known. Optical fiber ribbons in which a number of optical fibers 

provided with a resin coating are bundled side by side in a plane using a bundling 
material are also well known. A resin composition for forming the primary coating 
. layer is called a primary material, a resin composition for forming the secondary . ■ 
. coating layer is called a secondary material, and a resin composition used for the 
20 bundling material for optical fiber ribbons is called a ribbon matrix material. As a : 
method of applying these resins, a method of applying a liquid curable resin 
composition and then curing the composition using heat or light, in particular, 
• . : ultraviolet rays has been widely used. ' ;. 

Since optical fibers are used over a long period of time, coating 
25 materials used therefor must exhibit only a slight change in characteristics over a r " 
•' long period of time. * : 7' : ; : '. : . ":\-y :"'y : '-'' : '• " V 

; Coated optical fibers and optical fiber ribbons are often stored 
before and after shipment in a warehouse under fluorescent light. This causes the 
color of the coating materials to become yellowish during storage. The cause of 
30 such a change in color is considered to be related to the presence of the hindered 

phenol-type antioxidant which is added to ensure heat stability of the cured 
• - product. However, antioxidants which do not impair the color stability have not yet 
been known. ' ^- • /' : .". ; .; : . : \ 

An object of the present invention is to provide a liquid curable > 
35 resin, composition for optical fibers of which the cured product exhibits excellent ; 
heat stability when used as a coating material for optical fibers or optical fiber 
ribbons and small changes in color when stored under fluorescent lights 
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A further object of the invention is to provide coated optical fibers , 
and ribbon structures having at least one coating that exhibits excellent heat 
stability and small change in .color when stored under fluorescent light, as these 
products are particularly useful in the industry. 7 y 

5 " . • ; . ; \ . ; , : " • . - , ■ ' . , ■ ' ■ ■['[:■;■. \ ' . ' . 

Summary of the invention 
* The present inventors have found that a liquid curable resin 

composition of which the cured product exhibits heat stability and color stability 
v . under fluorescent light can be obtained by combining a urethane (meth)acrylate 
10 oligomer, an unsaturated pplymerizable compound, a photoinitiatori and a suitable 
antioxidant This finding has led to the completion of the present , 

The present invention provides coated optical fibers and ribbon 
structures having at least one coating layer, which coating before before curing is 
comprising (A) a urethane (meth)acrylate oligomer comprising a poly ether 
15 backbone (B) an unsaturated polymerizable compound, (C) a photoinitiator and an 
V antioxidant (D) in which the cured composition as a 200 jum thick film exhibits a 
: yellowing index after five days exposure of less than 5, and a Youngs modulus 
..; retention rate of more than 70% after aging for 30 days at 100°C. Furthermore, the 
present invention provides a liquid curable resin composition comprising (A) a 
-■■ 20 urethane (meth)acrylate oligomer, (B) an unsaturated polymerizable compound, 
(C) a photoinitiator, and (D) a compound shown by the following formula (1), 



OH 




25 wherein R a represents a hydrogen atom or an alkyl group having 1-4 carbon 
atoms and R b and R c individually represent alkyl groups having 1-12 carbon 

" - r ^ atomsror 2-teri-b^ • 
acrylate, and a cured prpductobtained by photocuring the composition. 



30 
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Detailed description of the Invention •■v\v"'V\>;0 v'V ^-r-:^. 

The urethane (meth)acrylate (A) used in the present invention is 
produced by reacting a v polyol, diisocyanate, and (meth) aery late containing a 
hydroxy! group. Specifically, the urethane (meth)acrylate (A) is produced by 
5 reacting isocyanate groups of a diisocyanate with hydroxyl groups of a polyol and 
a (meth)acrylate containing a hydroxyl group. The polyol is generally denoted as 
constituting the backbone of the urethane oligomer. Hence, if the polyol is e.g. a 
polyether diol, the urethane oligomer is said to comprise a polyether backbone. 

As a method of reacting these compounds/ a method of reacting 
10 a polyol, diisocyanate, and (meth)acrylate containing a hydroxy! group all 

. together; a method of reacting a polyol with a diisocyanate, and then reacting the 
resulting product with a (meth)acrylate containing a hydroxyl group; a method of 
reacting a diisocyanate with a (meth) aery late containing a hydroxyl group, and 
then reacting the resulting product with a polyol; a method of reacting a 
15 diisocyanate with a (meth)acrylate containing a hydroxy! group, reacting the 
resulting product with a polyol, and further reacting the resulting product with a 
(meth)acrylate containing a hydroxyl group; and the like can be given. 

As examples of . a polyol compound used in this reaction, polyether diols 
obtained by ring-opening polymerization of one ion-polymerizable cyclic 
20 compound such as polyethylene glycol, polypropylene glycol, polytetramethylene 
glycol, polyhexamethylene glycol, polyheptamethylene glycol, and 
polydecamethylene glycol, polyether diols obtained by ring-opening 
copolymerization of two or more ion-polymerizable cyclic compounds, and the like, 
can be given. As examples of ion-polymerizable cyclic compounds, cyclic ethers 
25 such as ethylene oxide, propylene oxide, butene-1 -oxide, isobutene oxide, ; 
. ; oxetane, 3,3-dimethyloxetane, 3,3-bischioromethyloxetane, tetrahydrofuran, 2- , 
, methyltetrahydrofuran, 3-methyltetrahydrofuran, dioxane, trioxane, tetraoxane, . 
cyclohexene oxide, styrene oxide, epichlorohydrin, glycidyl methacrylate, allyl 
glycidyl ether, allyl glycidyl carbonate, butadiene monoxide, isoprene monoxide, 
30 vinyloxetane, vinyltetrahydrofurari, vinylcyclohexene oxide, I phenyl glycidyl ether, - 
butyl glycidyl ether, and glycidyl benzoate can be given. Polyether diols obtained 
by ring-opening copolymerization of these ion-polymerizable cyclic compounds 
and cyclic irnines such as ethylerieimine, cyclic lactonic acids such as p- 
propyolactone and glycolic acid lactide, or dimethyjcyclopolysiloxaries can also be 
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used As examples of specific combinations of two or more ion-polymerizable 
cyclic compounds, combinations of tetrahydrofuran and propylene oxide, 
tetrahydrofuran and 2-methyItetrahydrofuran, tetrahydrofuran and 3- 
methyltetrahydrofuran, tetrahydrofuran and ethylene oxide, propylene oxide and- 
5 ethylene oxide, butene-1 -oxide and.ethylene oxide, a ternary copolymer of. 
tetrahydrofuran, butene-1 -oxide, and ethylene oxide, and the like can be given. 
The ring-openingcopolymers of the ion-polymerizable cyclic compounds may be : 
. either a random copolymer or a block copolymer. 

Examples of commercially available products of these poiyether 
10 ; diols include PTMG650, PTMG1000, PTMG2000 (manufactured by Mitsubishi 
Chemical Corp.), EXCENOL 1020, 2020, 3020, PREMINOL PML-4002, PML- 
5005 (manufactured by Asahi Glass Co, Ltd.), UNISAFE DC1100, DC1800, 
DCB1000 (manufactured by Nippon Oil and Fats Co., Ltd.), PPTG1000, VV 
PPTG2000, PPTG4000, PTG400, PTG650, PTG1000, PTG2000, PTG-L1000, 
15 PTG-L2000 (manufactured by Hodogaya Chemical Co., Ltd.), Z-3001-4, Z-3001-5, 
; PBG2000 (manufactured by Daiichj Kogyo Seiyaku Co., Ltd.), ACCLAIM 2200, 

2220, 3201 , 3205, 4200, 4220, 8200, 12200 (manufactured by Lyondell), and the 
V like can be given. . ' . v v : - 

The above poiyether diols are preferable as the polyol 
■20.... compound. In addition, a polyester diol, polycarbonate diol, polycaprolactone diol, 
and the like can also be used/These diols may be used in combination With the 
poiyether diols. The poiyether diol is used preferably in at least 20 wt.% of the diol 
. total weight, more preferably at least 40 wt.%. In another embodiment of the 
present invention, the poiyether diol is used in an amount of more than 80wt.% of 
25 the diol total weight. The structural units of these compounds may be polymerized 
by a random polymerization, block polymerization, or graft polymerization without 
specific limitations. . ; 

As examples of polyester diols, polyester polyols obtained by > : 

reacting a polyhydric alcohol such as ethylene glycol, polyethylene glycol, 
30 propylene glycol, polypropylene glycol, tetramethylehe glycol, polytetramethylene 
~ - -glycol, J ,6-hexanediol, neopentyl glycol, .1 ,4-cyclohexanedimethanoj, 3rmethyl- ^ 
1 ;5-pentanedi6l, 1 ,9-nonanediol, and 2-methyl-1 , 8-octanediol with a polybasic : " 
acid such as phthalic acid, isophthalic acid, terephthalic acid, maleic acid, fumaric 
acid, adipic acid, and sebacic acid, and the like can be given. As commercially 
35 available products of such polyester diols, Kurapol P-1010, P-2010, F-1010, F- 
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2010, PMIPA-2000, PKA-A, PKA-A2, PNA-2000 (manufactured by Kuraray Co M 
. Ltd.), and the like can be given. ' 

As expmples of polycarbonate diols, polycarbonate of 
polytetrahydrof uran, polycarbonate of 1,6-hexanediol, and the like can be given. 
5 As examples of commercially available products of such polycarbonate diols, 

Nippolan 980, 981, 982, 983 (manufactured by Nippon Polyurethane Industry Co., 
Ltd.), Duracarb 120, 122, .124, 140, 142 (manufactured by PPG), PLACCEL CD 
205, 208, 210, 220, 205PL, 208PL, 210PL, 220PL, 205HL, 208HL, 210HL, 220HL 
(manufactured by Daicel Chemical Industries, Ltd.), and the like can be given. 
10 As examples of polycaprolactone diols, polycaprolactone diols 

obtained by reacting e-caprolactone and dihydric diols such as ethylene glycol, 
polyethylene glycol, propylene glycol, polypropylene glycol, tetramethylene glycol, 
polytetramethylene glycol, 1 ,2-potybutylene glycol, 1,6-hexanediol, neopentyl 
glycol, 1,4-cyclohexanedimethanpl, and 1,4-butanediol can be given. As 
15 commercially available products of these diols, PLACCEL 205, L205AL, 212, 

L212AL; 220, L220AL (manufactured by Daicel Chemical Industries/Ltd.), and the 
like can be given. - ' ' ; ' " V ; ' ; / • •; . 

Diols other than those mentioned above can also be used. As 
examples of other polyols, ethylene glycol, propylene glycol, 1,4-butanediol, 1 ,5- 
20 pentanediol, 1,6-hexanediol, neopentyl glycol, 1 ,4-cyclohexanedimethanol, p- 

methyl-8-valerolactone, hydroxy-termihal polybutadiene, hydroxy-terminal . 
hydrogenated polybutadiene, castor oil-modified polyol, diol terminated compound 
of polydimethylsiloxane, polydimethylsiloxanecarbitol-modified poiyol, and the like 
- / can be given. ■ . • ' . " • V' . ■ ^ ;.: 

25 In addition to the above diols, diamines may be used in , 

combination with the diols having a polyoxyalkylene structure. As examples of 
, diamines, ethylenediamine, tetramethylenediamine, hexamethylenediamine, p- 
phenylenediamine, 4,4 , -diaminodiphenyimethane, diamines containing a hetero 
. - atom, polyether diamines, and the like can be given. : /\//. : //.. / ; , 
30 The number average molecular weight of these polyols is 

preferably from 50 to 15,000, and particularly preferably from 100 to 8,000. 

The following compounds may be used as polyols having a 
cyclic structure. Examples include alkylene oxide addition diol of bisphenol A, 
alkylene oxide addition diol of bisphenol F, hydrogenated bisphenol A, 
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hydrogenated bisphenol F, alkylene oxide addition diol of hydrogenated bisphenol 
A, alkylene oxide addition diol of hydrogenated bisphenol F, alkylene oxide ; 
addition diol of hydroquinone, alkylene oxide addition diol of 
naphthohydroquinone, alkylene oxide addition diol of anthrahydroquinone, 1,4- ; 
5 . cyclohexane diol, and its alkylene oxide addition diol, tricyclodecane diol, 
\ tricyclodecanedimethanol, pentacyclopentadecane diol, 

pentacyclopentadecaned [methanol, and the like. Of these, alkylene oxide addition 
•• diol of bisphenol A and tricyclodecanedimethanol are preferable. As commercially 
available products of these polyols, Uniol DA400, DA700, DA1Q00, DB400 • 
10 (manufactured by Nippon Oil arid Fats Co., Ltd.), tricyclodecanedimethanol 
'.' (manufactured by Mitsubishi Chemical Corp!), and the like can be given. Polyols 
having a cyclic structure are used preferably in secondary coatings, matrix 
> materials and inks. : 

Examples of a diisocyanate include 2,4-tolylene diisocyanate, 
1 5 ; 2,6-tolylene diisocyanate, 1 ,3-xyiylene diisocyanate, 1,4-xylylene diisocyainate, : 

1,5-naphthalene diisocyanate, m-phenylene diisocyanate, p-phenylene , •'" 
; diisocyanate, S^'-dimethyM^-diphenylmethane diisocyanate, 4,4 - 

diphenylmethane diisocyanate, 3,3-dimethylphenylene diisocyanate, 4,4'- 
biphenylene diisocyanate, 1 ,6-hexane diisocyanate, isophorone diisocyanate, 
20 methyIenebis(4-cyclohexylisocyanate), 2,2,4-trimethylhexamethylene .,'/./.;'. 
diisocyanate, bis(2-isocyahate ethyl)fumarate, 6-isopropyl-1,3-pheriyl 
■ diisocyanate, 4-diphenylpropane diisocyanate, lysine diisocyanate, hydrogenated 
diphenylmethane diisocyanate, hydrogenated xyjylene diisocyanate, ; . 
tetramethylxylylene diisocyanate, 2 l 5-bis(isocyanatemethyl)-bicyclo[2.2.1]h"eptane i 
25 2,6-bis(isocyanatemethyl)-bicyclo[2.2.1]heptane, and the like. Of these, 2,4- 
tolyle^e diisocyanate, isophorone diisocyanate, xylylene diisocyanate, and 
methylenebis(4-cyclohexylisocyanate) are preferable. Aliphatic isocyanates are 
particularly preferred because of a reduced tendency for yellowing. 

As examples of a (meth)acrylate containing a hydroxyl group, 2- 
30 hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate, 2-hydroxybutyl 
- . — (meth)acrylate, 2-hydroxy-3-phenyloxypropyl (meth)acrylate, -1 ,4-butanediol:i „ 
. mono(meth)acrylate, 2-hydroxyalkyl (meth)acryloyl phosphate, 4- . , ■ ; r 

hydroxycyclohexyl (meth)acrylate, 1 ,6-hexanediol mono^et^acrylate, neopentyl 
glycol mono(meth)acrylate, trimethylolpropane di(meth)acrylate, trimethylolethane 
35 di(meth)acrylate, pentaerythritol tri(meth)acrylate, dipentaerythritol . 
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/ penta(meth)acrylate, and (methjacrylates shown by the following formula (2) or (3) 
can be given: / .V,-.' - ; . .••>•■. - : / j'y.'i'. t " 

CH 2 =C(R 1 )-COOCH2CH2-(OCOCH2CH 2 CH2CH 2 CH2)n-OH (2) 
CH 2 =C(R 1 )-COOCH2CH(0H)CH 2 -O-(C 6 H5) (3) yV^^}- 

vyherein R 1 represents a hydrogen atom or a methyl group and n is an integer 
: ;' v - from 1 to 15. ", ; 

10 Compounds obtained by the addition reaction of (meth)acrylic 

acid and a compound containing a glycidyl group such as alkyl glycidyl ether, aliyl 
glycidyl ether, and glycidyl (meth)acrylate can also be used. Of these 
. (meth)acrylates containing a hydroxyl group, 2-hydroxyethyl (meth)acry late and 2- 
hydroxypropyl (meth)acrylate are particularly preferable. '•' 

15 The proportion of the polyol, diisocyanate, and (meth)acrylate 

containing a hydroxyl group is determined so that isocyanate groups in the 
diisocyanate and a hydroxyl group in the (meth)acrylate containing a hydroxyl 
group are 1.1 to 3 equivalents and 0.2 to 1.5 equivalents respectively for one 
equivalent of hydroxyl groups in the polyol. It is preferable that the equivalent of 

20; hydroxyl groups in the polyol and (meth)acrylate containing a hydroxyl group be 
almost equal to the equivalent of isocyanate groups in the diisocyanate. 

Part of the (meth)acrylate containing a hydroxyl group may be 
replaced by compounds having a functional group which can be added to an 
isocyanate group. For .example';' ^y-mercapt^^^hoxysilane, y- 

25 aminotrimethbxysilane, and the like can be used. Use of these compounds 
improves adhesion to substrates such as glass. 

In the reaction of these compounds, it is preferable to use a C 
urethanization catalyst such as copper naphthenate, cobalt naphthenate, zinc 
naphthenate, dibutyltin dilaurate ■ triethy^ 

30 2,6,74rimethyl-1,4^diazabicyclo[2.2.2]octane in an amount from 0.01 to 1 part by 
weight for 100 parts by weight of the reactant. The reaction is carried out at \ 
10-90°C, and preferably at 30-80°C: The proportion of the urethane.(meth)acrylate 
oligomer (A), is .10-90 wt% (hereinafter indicated by simply "%") of the composition. 
It is particularly preferable that the prbportion of the urethane (meth) aery late 
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oligomer (A) be 20-70% to ensure excellent applicability when applying the 
composition to optical fibers, and flexibility. and long-term reliability of the cured 

■• coating.. . . ■ •■ '•=-.■. .-' ■ ..: 

A urethane (meth)acrylate obtained by reacting 1 mol of the 

5 diisocyanate with 2 mols of the (meth)acrylate containing a hydroxyl group may be 
added to the liquid curable resin composition of the present invention. As 
examples of such a urethane (meth)acrylate, a reaction product of hydroxyethyl 
(rrieth)acrylate, 2,5-bis(isocyanatemethyl)-bicyclo[2.2.1]heptarie, and 2,6- 
bis(isocyanatemethyl)-bicyclo[2.2.1]heptane, a reaction product of hydroxyethyl 

10 (meth)acrylate and 2,4-tolylene diisocyanate, a reaction product of hydroxyethyl 
(meth)acrylate and isophorone diisocyanate, a reaction product of hydroxypropyl 
(meth)acrylate and 2,4-tolylene diisocyanate, a reaction product of hydroxypropyl 
(meth)acrylate and isophorone diisocyanate, and the like can be given. 

As examples of the unsaturated polymerizable compound (B) 

15 used in the liquid curable resin composition of the present invention, vinyl group- 
containing lactams such as N-vinylpyrrolidone and N-vinylcaprolactam, alicyclic 
structure-containing (meth)acrylates such as isobornyl (meth)acrylate, bornyl 
(meth)acrylate, tricyclodecanyl (meth)acrylate, dicyclopentanyl (meth)acrylate, 
dicydopentenyl (meth)acrylate, and cyclohexyl (meth)acrylate, benzyl " 

20 (meth)acrylate, 4-butylcyclohexyl (meth) aery late, acryloylmorpholine, 

vinylimidazole, vinylpyridine, and the like can be given. Further examples include 
2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate, 2-hydroxy butyl . 
(meth)acrylate, methyl (meth)acrylate, ethyl (meth)acrylate, propyl (meth)acrylate, 
isopropyl (meth)acrylate, butyl (meth)acrylate, amyl (meth)acrylate, isobutyl 

25 (meth)acrylate, t-butyl (meth)acrylate, pentyl (meth)acrylate, isoamyl 

(meth)acrylate, hexyl (meth)acrylate, heptyl (meth)acrylate, octyl (meth)acrylate, 
isooctyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, nonyl (meth)acrylate, decyl 
(meth)acrylate, isodecyl (meth)acrylate, undecyl (meth)acrylate, doclecyl 
(meth)acrylate, lauryl (meth)acrylate, stearyl (meth)acrylate, isostearyl 

30 (meth)acrylate, tetrahydrofurfuryl (meth)acrylate, butoxyethyl (meth)acrylate, 

- : ethoxydiethylene glycol (meth)acrylate, benzyl (meth)acrylate, phenoxyethyl . ._ 
(meth)acrylate, polyethylene glycol mono(meth)acrylate, polypropylene glycol 
mono(meth)acrylate, methoxyethylene glycol (meth)acrylate, ethoxyethyl 
(meth)acrylate, methoxy polyethylene glycol (meth)acrylate, methoxy 

35 polypropylene glycol (meth)acrylate, diacetone (meth)acrylamide, isobutoxymethyl 



BNSDCXID: <WO 0183393A2_I_> 



WO(H 783393 



-9- 



(meth)acrylamide, N,N-dimethyl (meth)acrylamide, t-octyl (meth)acrylamide, 
dimethylaminoethyl (meth)acrylate, diethylaminoethyl (meth)acrylate, 7-amino-3,7- 
dimethyloctyr (meth)acrylate, N,N-diethyl (meth)acrylamide, N,N- 
dimethylaminopropyl (meth)acrylamide, hydroxybutyl vinyl ether, lauryl vinyl ether, 
- 5 - cetyl-vinyl ether, 2-ethylhexyl vinyl ether, a compound shown by the following 7 - ■ 
formula (4), and the like: ; ■ : 

QH2=C(R 1 >COO(R 2 0) m -C6H4-R 3 (4) ^^^^'j^VH^V \ : : 

10 wherein R 1 represents a hydrogen atom or a methyl group, R 2 represents an 
. alkylene group having 2-6, and preferably 2-4 carbon atoms, R 3 represents a 
hydrogen atom or an alkyl group having 1-12, and preferably 1-9 carbon atoms, 
and m is an integer from 0 to 12, and preferably from 1 to 8. 

As examples of commercially available products of the 

15 unsaturated polymerizable compounds, Aronix M-1 01, M-102, M-1 11, M-1 13, M- 
1 14, M-1 1 7 (manufactured by Toagosei Co.; Ltd.), Viscoat LA, STA, IBXA, 2-MTA, 
#192, #1 93 (manufactured by Osaka Organic Chemical Industry Co., Ltd.), NK / 
Ester AMP-10G, AMP-20G, AMP-60G (manufactured by Shin-Nakamura 
Chemical Co., Ltd .), Light Aery late L-A , S-A , I B-XA, PO-A, PO-200A, NP-4EA, 

20 NP-8EA (manufactured by Kyoeisha Chemical Co., Ltd.), FA-511, FA-512A, FA- 
513A (manufactured by Hitachi Chemical Co., Ltd.), and the like can be given. 

Polyfunctional compounds can be given as examples of the 
unsaturated polymerizable compound (B). Examples of unsaturated polymerizable 
polyfunctional compounds include trimethylolpropane tri(meth)acrylate, 

25 pentaerythritol tri(meth)acrylate, ethylene glycol di(meth)acrylate, tetraethylene 
glyccii ^i{meth)acrylate, polyethylene glycol di(meth)acrylate, 1 ,4-butanediol ; 
di(meth) aery late, 1,6-hexanediol di(meth)acrylate, 1 r 9-ndnanediol 
di(meth)acrylate, neopentyl glycol di(meth)acrylate, trimethylolpropanetrioxyethyl 
(meth)acrylate, tris(2~hydroxyethyl)isocyanurate tri(meth)acrylate, tris(2- : 

30 hydroxyethyl)isocyanurate di(meth)acrylate, tricyclodecanedimethanol 

di(meth)acrylate, di(meth)acrylate of diol of an ethylene oxide or propylene oxide 
addition product of bisphenol A, di(methjacrylate of diol of an ethylene oxide or " 
propylene oxide addition product of hydrogenated' bis phenol A, 
epoxy(meth)acrylate obtained by the addition of (meth)acrylate to diglycidyl ether 

35 of bisphenol A, triethylene glycol divinyl ether, and the like. ; ,V: '././•'.' 
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* As examples of commercially available products of the • J 
unsaturated polymerizable polyfunctional compounds, Yupimer UV SA1002, 
V SA2007 (manufactured . by Mitsubishi Chemical Corp.), Viscoat #195, #215, #230, 
#260, #700 (manufactured by Osaka Organic Chemical Industry, Ltd.), KAYARAD 
5 HDDA (manufactured by Nippon Kayaku Co., Ltd.), ARONIX M-210, M-215, M- 
315 (manufactured by Toagosei Co., Ltd.), and the like can be given. Of these, 
tricyclodecanedimethanol diacrylate (Yupimer UV SA1002) and Viscoat #230 and 
#700 are preferable. . \ ; ; ^ 

The proportion of the unsaturated polymerizable compound (B) 
10 is preferably 15-80%, and particularly preferably 20-70% of the composition. If the 
proportion is less than 15%, applicability of the composition may be impaired due 
to increased viscosity. Moreover, toughness of the cured product decreases and 
cure shrinkage rate increases. If the proportion exceeds 80%, the curing rate of 
the composition decreases. ■ • ' , / ^ - 

15 .. ' ■ As examples of the photoinitiator (C), ; ■■■■';"'} ■■ : \ 

1- hydroxycyclohexyl phenyl ketone, 2,2-dimethoxy-2Tphenylacetophenone, 

• xanthone, fluorenpne, benzaldehyde, fiuorene, anthraquinone, triphenylamine, 
carbazble, 3-methylacetophenone, 4-chlorobenzophenone, , 
4,4 , -dimethoxybenzbphenone, 4,4 -diaminobenzophenone, Michler's ketone, 
20 benzoin propyl ether, benzoin ethyl ether, benzyl dimethyl ketal, 1-(4- 

isopropylphenyl)-2-hydroxy-2-methylpropan-1 -one, 2-hydrdxy-2-methyl-1- 
phenylpropan-1 -one, thioxanethone, diethylthioxarithone, 2-isopropylthioxanthone, 

2- chlorothioxanthone, 2-methyl-1-[4-(methylthio)phenyl]-2-morpholino-propan-1- 
one, 2,4,6-trimethylbenzoyldiphenylphosphihe oxide, 

25 bis-(2,6-dimethoxybenzoyI)-2,4 l 4-trimethylpentylphosphine and the like can 

be given. • V'Vv : '".\'V-' ' • ' 

As examples of commercially available. products of the 
photoinitiator (C), Irgacure 184, 261, 369, 500, 651, 819, 907, 1700, 1850, 2959, 
CGI-403, Darocur 1 173 (manufactured by Ciba Specialty Chemicals Co., Ltd.),/ 

30 Lucirin TPO (manufactured by BASF), and the like can be given. Of these, : 

Irgacure _1 84,.369, 651 , 9.07, A700, J 800, J 85.0, and Lucirin TPQ are preferable : 
with Lucirin TPO being particularly preferable. . '. • .. \ 

' " The proportion of the photoinitiator (C) is preferably 0.01-10%, 
and particularly preferably 0.01-4% of the composition. 

35 . The component (D) used in the liquid curable resia composition 
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' of the present invention is a compound suitable to impair most useful stability 
characteristics. Stability characteristics are exemplified by a combination of heat 
stability and stability under fluorescent lights; the cured coating exhibits preferably 
a yellowing index after five days exposure of fluorescent light of less than 5, and a 
5- Youngs; modulus retention rate of more, than 70% after aging for 30 days at 100°C. : _ 
; Coated optical fibers having a cured coating with said properties are most useful, 
as the coated fibers have excellent storage stability. The test methods are fully 
described in the experimental fully described in the experimental section. 
\ Preferably, the Yellowing index is less than 4. Preferably - the Youngs modulus 
10 retention rate is about 80% or more, particularly preferrred about 90% or more. 

Specific compound, useful as component D of the present 
invention are shown by the formula (1) or 2-te^t-butyl-6-(3 , -tert-butyl-5 , -methy^2 , •- j 
hydroxybenzyl)-4-methylphenyl acrylate. In the formula (1), R a , which is an alkyl • 
group having 1-4 carbon atoms, is preferably a methyl group. R b and R c are 
15 preferably alkyl groups having 5-12, and preferably 6-12 carbon atoms. 4,6- 

Bis(octylthiomethyl)-o-cresol, a compound shown by the formula (1) provided that 
■ R a is a methyl group and both R b and R c are alkyl groups having eight carbon 
atoms, is commercially available as Irganox 1520, 1520L, and 1520LR 
(manufactured by Ciba Specialty Chemicals Co., Ltd.). 2-Tert-butyl-6-(3 , -tert-butyl- 
20 S'-methyl^ -hydroxybenzyl)-4-methylphenyl acrylate is commercially available as 
: Sumilizer GM (manufactured by Sumitomo Chemical Co., Ltd.). 

: The proportion of the component (D) is 0.01-3%, preferably 
0.03-1 %, and particularly preferably 6.05-0.5% of the composition for ensuring 
heat stability and color stability under fluorescent light. 
25 In addition to the above components, other curable oligomers or 

polymers, reactive dilutents, or other additives may be added to the liquid curable 
resin composition of the present invention, insofar as the characteristics of the 
liquid curable resin composition are not impaired, 

■ As examples of other curable oligomers or polymers, polyester 
30 (methjacrylate, epoxy (m eth) aery I ate , polyamide (meth)acrylate, a silpxane 
polymer having a (meth)acryloyloxy group, a reactive polymer obtained by 
reacting acrylic acid and a copolymer of glycidyl methacrylate and other vinyl " 
monomers, and the like can be given. 

Amines may be added to the liquid curable resin composition to 
35 prevent generation of hydrogen gas, which causes transmission loss in optical 
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fibers. As examples of amines, diethylamine. isoprbpy^ 
ethanolamine, diethanolamine, and the like can be given. 

Other additives such as coloring agents, UV absorbers, light 
stabilizers, silane coupling agents, heat polymerization inhibitors, leveling agents; 
5 surfactants, preservatives, plasticizers, lubricants, solvents, fillers, wettability 
improvers, and coating surface improvers may be added in addition to the above 
components. As examples of UV absorbers, benzophenone-type UV absorbers 
such as 2,4-dihydroxybenzophenone, 2-hydroxy-4-methoxybenzophenone, and 2- 

/ , ; hydroxy-4-n-dodecyloxybenzophenone, benzotriaole-type UV absorbers such as 

10 2-(2 , -hydroxy-5 , -methylphenyl)benzotriaole and 2-(2 -hydroxy-5 -t- 

octylphenyl)berizotriaole f commercially available products such as Tinuvin P, 234, 
320, 326, 327, 328, 329, 213 (manufactured by Ciba Specialty Chemicals Co., 
Ltd.), Seesorb 101, 102, 103, 712, 704 (manufactured by Shipro Kasei Kaisha, 
Ltd.), Sumisorb 1 10, 130, 140 (manufactured by Sumitomo Chemical Industries 

15 Co., Ltd.), and the Ijke can be given. As examples of silane coupling agents; 
y-aminopropyltriethoxysilane, Y-mercaptopropyltrimethbxysilahe, and 
Y-(meth)acryloxypropyitrimethoxysilane, commercially available products such as 
SH6062, SH6030 (manufactured by Toray-Dow Corning Silicone Co. Ltd.), KBM 
403, 503, 803, 903, 5103 (manufactured by Shin-Etsu Chemical Co., Ltd.), and 

20 the like can be given. 

The viscosity of the liquid curable resin composition of the 
present invention is 200-20,000 mPa-s/25°C, and preferably 2000-15,000 
mPa-s/25°C. When the liquid curable resin composition of the present invention is 
used as a secondary material or ribbon matrix material for optical fibers, the 

25 Young's modulus after curing is preferably 100-2500 MPa. When used as a 

primary material for optical fibers, the Young's modulus after curing is preferably 
. 0.5-3 MPa. The cure speed preferably is about 0.5 J/cm 2 or less, more preferably 
about 0.3 J/cm 2 or less. The cure speed is defined as the energy applied to 
achieve 90% of. the ultimate modulus. The water absorption of the coatings 

30 preferably is less than 5 wt.%. 
• -- - -- - The optical fiber, preferably- glass fiber, is drawn from a-perform- 

and has a diameter of about 125 |um. : The fiber is coated with a primary and a 
secondary coating before the glass is touched. Both coatingss, generally are 25- 
30 |am thick, but this can be choosen differently, e.g. 5 ^im-500 ^im. The coated 
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.;* optical fiber, generally needs to be colored to enable identification in the field. , 
Thus, sin ink layer can be applied on the coated optical fiber/or the secondary 
coating can contain color identification means (pigments, dyes). The coated arid 
V colored optical fibers can be used in cabling for example for loose tube cables, or 

^ . . 5 ribbon cables. In a ribbon structure, used- in the second type of cable, multiple ,u 
■ coated optical fibers (generally 2 t 4, 8, 12 up to 24) are bonded together, generally 
; in a plane. Bonding can take place through edge-bonding or encasing. Sometimes 
two or more matrix coatings are applied. Another type of matrix material is used to 
v '. bind a plurality of ribbons either in a piane, or stacked. These materials are also 
10 called bundling materials. For any of these coating layers, the cured coating of the 
present invention is advantageous. 

The liquid curable resin composition of the present invention is 
cured using heat and/or radiation. Radiation used herein includes infrared rays, 
visible rays, ultraviolet rays, X-rays, electron beams, a-rays, (3-rays, y-rays, and 
v 15 the like. UV and UV-vis radiation is particularly preferred. ". 

EXAMPLES A '} :^ u \-?h ... y ' < '-^^ 

The present invention will be described in more detail by 



20 



examples, which are not intended to be limiting of the present invention. 



Synthesis Example 1 (Synthesis of urethane acrvlate oligomer) 

A reaction vessel equipped with a stirrer was charged with 
117.12 g of isophorone diisocyanate, 0.24 g of 2,6-di-t-butyl-p-cresol, 0.08 g of ; 
phenothiazine, and 0.40 g of dibutyltin dilaurate. 37. 08 g 2-hydroxyethyl acrylate 
25 was added dropwise to the mixture at 30°C or lower. After the addition, the 

mixture was allowed to react at 30°C for 40 minutes. The mixture was then heated 
to 45°C and allowed to react for a further one hour. Then, 844.68 g of ring- 1 
- opening copolymer diol of ethylene oxide and butylene oxide (weight ratio: 25/75) 
: , with a number average molecular weight of 2300 and 0.40 g of dibutyltin dilaurate 
30 were added to the mixture. The mixture was allowed to react at 50°C for one hour. 
The mixture was then further allowed to react at 70°C. The reaction was : 
terminated when the residual isbcyanate concentration was 0.05 wt% or less to 
f obtain a urethane acrylate oligomer (this oligomer is referred to as "UA-1"). 



35 
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Synthesis Example 2 (Synthesis of urethane acrylate oligomer) 7 

A reaction vessel equipped with a stirrer was charged with - 
898.07 g of polypropylene glycol with a number average molecular weight of 4000 
("ACCLAIM 4200" manufactured by Lyondeil), 74.76 g of isophorone diisocyahate, 
5 0.24 g of 2,6-di-t-butyl-p-cresol, and 0.08 g of phenothiazine. The mixture was 
cooled to 1 5°C while stirring. After the addition of 0.80 g of dibutyltin dilaurate, the 
mixture was slowly heated to 35°C for one hour while stirring, then, the mixture 
was allowed to react at 50°C -After the residual isocyanate concentration yvas 
decreased to 0.97 wt% or less (of the total amount of the reactants), 26.04 g of 
10 2-hydroxybutyl acrylate was added. The mixture was allowed to react at about 
60°C while stirring. The reaction was terminated when the residual isocyanate 
concentration was 0.1 wt% or less to obtain a urethane acrylate oligomer (this 
oligomer is referred to as "UA-2"). 

15 Example 1 

A reaction vessel equipped with a stirrer was charged with 65 
parts by weight of the urethane acrylate oligomer UA-1 obtained in Synthesis 
Example 1 , 26 parts by weight of nonylphenol EO-modified acrylate ("Aronix M- ^ 
113" manufactured by Toagosei Co., Ltd.), 8 parts by weight of 
20 N-vinylcaprolactam (manufactured by ISP Japan, Ltd.), 1 part by weight of 1 ,6- 
hexane'diol diacrylate ("Viscoat #230" manufactured by Osaka Organic Chemical 
Industry, Ltd.), and 1 .2 parts by weight of 2,4,6- 

trimethylbenzoyldiphenylphosphine oxide ("Lucirin TPO" manufactured by BASF). 
The mixture was stirred at 50°C to prepare a homogeneous solution. Then, 0.1 

25 partby weight of diethylamine and 1.0 part. by weight of 
• y-mercaptopropyltrimethoxysilane ( M SH6062" manufactured by. Toray-Dow Corning 

Silicone Co., Ltd.) were added to the mixture. 0.3 part by weight of 4,6- 
bis(octylthiomethyl)-o-cresol flrganox 1520L" manufactured by Ciba Specialty 
Chemicals Co., Ltd.) was added to the mixture to obtain a liquid curable resin" 

30 composition. 
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A liquid curable resin composition was prepared in the same 
manner as in Example 1 except for using 2-tert-butyl-6-(3^tert-butyl-5 -methyl^- 
hydroxybenzyl)-4-methylphenyl acrylate ("Sumilizer GM" manufactured by 
„ : . 5 Sumitomo Chemical Co., Ltd.) instead pt4,6-bis(octyithiomethy!)-o-cresol. , , ; ; 

• . ■:■ Example 3 : / , ' \. v : V 

•;' A reaction vessel equipped with a stirrer was charged with 63 
parts by weight of the urethane acrylate oligomer UA-2 obtained in Synthesis 
10 Example 2, 12 parts by weight of nonylphenol EO-modified acrylate ("Aronix M- 
113" manufactured by Toagosei Co., Ltd.), 8 parts by weight of N- 
vinylcaprolactam (manufactured by ISP Japan, Ltd.), 15 parts by weight of 
isobomyj acrylate ("IBXA" manufactured by Osaka Organic Chemical Industry Co., 
Ltd.), 2 parts by weight of 1 ,6-hexanediol diacrylate ("Viscoat #230" manufactured 
15 by Osaka Organic Chemical Industry, Ltd.), 1.2 parts by weight of 2,4,6- : : 
; trimethylbenzoyldiphenylphosphine oxide ("Lucirin TPO" manufactured by BASF), 
^ and 0.15 part by weight of 2-hydroxy-4-methoxybenzophenone ("Seesorb 101" 

manufactured by Shipro Kasei Kaisha, Ltd.). The mixture was stirred at 50°C to 
prepare a homogeneous solution. Then, 0.1 part by weight of diethylamine and 
20 1 .0 part by weight of Y-mercaptopropyltrimethoxysilane were added to the mixture. 
0.3 part by weight of 4,6-bis(octylthiomethyl)-o-cresol ("Irganox 1520L" 
manufactured by Ciba Specialty Chemicals Co., Ltd.) was added to the mixture to 
: obtain a liquid curable resin composition. / - 

; . 25 : Comparative Example 1 ( • / 

v A liquid curable resin composition was prepared in the same 
• ,'r/ manner as in Example 1 except that ^4 ) 6-bis(octylthiomethyl)-o-cresol was not ' 

added. ' / - . : : - • . ' . -,A ' ' 
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Comparative Example 3 

A liquid curable resin composition was prepared in the same 
manner as in Example 1 except for using thiodiethylenebis[3-(3 I 5-di-tert-butyl-4- 
'5 hydroxypheny!)propionate] ("Irganox 1035" manufactured by Ciba Specialty 
Chemicals Co., Ltd.) instead of 4 l 6-bis(octylthiomethyl)-o-cresol. , 

Comparative Example 4 

A liquid curable resin composition was prepared in the same 
10 manner as in Example 1 except for using benzenepropanoic acid, 3,5-bis(1,1- *V\ 
dimethylethylH-hydroxy-.CrGg branched alkyl ester ("Irganox 1135" 
manufactured by Ciba Specialty Chemicals Co., Ltd.) instead of 4,6- 
bis(octylthiomethyl)-o-cresol. 

Comparative Example 5 ; 

A liquid curable resin composition was prepared in the same, 
manner as in Example 1 except for using hexamethylenebis[3-(3 ) 5-di-tert-butyl-4- 
hydroxyphenyl)propionate] ("Irganox 259" manufactured by Ciba Specialty 
Chemicals Co., Ltd.) instead of 4 l 6-bis(octylthiomethyl)-o-cresoL 

Comparative Example 6 

A liquid, curable resin composition was prepared in the same 
manner as in Example 1 except for using 4,4 -thio-bis^S'-methyl-e-tert- - 
butylphenol), ("Sumilizer WX-R" manufactured by Sumitomo Chemical Industries 
Co., Ltd.) instead of 4,6-bis(octylthiomethyl)-o-cresol. . 

Comparative Example 7 . ;•. 

A liquid curable resin composition was prepared in the same 
manner as in Example 3 except that 4,6-bis(octylthiomethyl)-o-cresol was not 
added. 

Comparative Example 8 .' 

A liquid curable resin composition was prepared in the same 
manner as in Example 3 except for using thiodiethylenebis[3-(3,5-di-t-butyl-4- 
hydroxyphenyl)propionate] ("Irganox 1035" manufactured by Ciba Specialty 
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Chemicals Co., Ltd.) instead of 4,6-bis(6ctyithiomethyl)-o-cresol; 

'■-•■■•■.„ Comparative Example 9 ; . r -C 0 — • : 

■ ' . : : V A liquid curable resin composition was prepared in the same 

5 manner as in Example 3 except for using benzenepropanoic acid, 3,5 7 bis(1 , V\ : ; 
dimethylethyO^-hydroxy-.Cy-Cg branched alkyl ester ("Irganox 1135" 
manufactured by Ciba Specialty Chemicals Co., Ltd.) instead of 4,6- 
bi,s(octylthiomethyl)-o-cresol. 

10 Test Examples ■■ ■ . ~ : 

The light resistance and heat stability of the cured products of 
the compositions obtained in Examples and Comparative Examples were 
evaluated. ' " ■ ,• ;■■;;>-.;; '-V •• ' ; y : 

15 (1) Fluorescent light resistance test : 1 

: ^ The liquid compositions were applied to a glass plate using an v ; 
applicator with a thickness of 254 >m. The applied compositions were irradiated 
with ultraviolet rays in a nitrogen atmosphere using a 3.5 kW metal halide lamp 
( U SMX-3500/F-OS'\ manufactured by ORC Co., Ltd.) at a dose of 0.1 J/cm 2 to V 
20 obtain cured films with a thickness of about 1 30 jim. The cured films on the glass 
. plate w6re irradiated with fluorescent light at a temperature of 23°C and relative 
humidity of 50%. As a fluorescent lamp, "FL20SSN/1 8" manufactured by Toshiba 
Corporation was used. Illuminance at the surface of the cured films was 1200 Ix. 
The degree of yellowing of the cured films before irradlatiori of fluorescent light ; 
25 and after irradiation for a predetermined period of time were evaluated by a ^ : 
• yellowness index (Yl) using a colorimeter ("SZ-E80 spectrocolorimeter" • 
manufactured by Nippon Denshoku Industries Co., Ltd.). The smaller the Yl value, 
; the less the degree of yellowing. 

30 (21 Heat stability test : X ^ V . v ■ ; : ; 

The heat stability of the cured products of the compositipns . 
obtained in Examples and Comparative Examples was evaluated. The liquid . 
compositions were applied to a glass plate using an applicator with a thickness of 
381 jam. The applied compositions were irradiated with ultraviolet rays. in air using 
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a 3 : 5 kW metal halide lamp ( ,, SMX-3500/F-OS ,, t manufactured by ORC Co., Ltd.) . 
at a dose of 0.5 J/cm 2 to obtain cured films, the cured films removed from the: 
.... glass plate were irradiated with ultraviolet rays from the other side at a dose of 
0.5J/cm 2 . The thickness of the resulting films was about 200 nm. The cured films 
5 were allowed to stand for 12 hours* or more at a temperature of 23°C and relative 
humidity of 50%. The initial Young's modulus of the cured films was then 
measured. The cured films were allowed to stand in an oven at 100°C for 30 days. 
The Young's modulus of these cured films was then measured. Heat stability was 
evaluated by calculating the variation between the initial Young's modulus and the 
10 Young's modulus after heating. . 

Measurement of Young's modulus 
■ ■ - . v ■ . .; The cured films were cut into sheets with a width of 6 mm. The 

modulus of elasticity of the sheets was measured using a tensile tester. The 
15 tensile rate was 1 mm/minute and the distance between chucks was 25 mm. The 
. Young's modulus was calculated by dividing the load at 2.5% elongation by the 
cross section of the test specimen and 0.025. The results are shown in Table 1 . 
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Irganox 1520L: ; ;•'-*.. '■ • ' • . ; \ 

^e-bisCoctylthiomethyO-o-cresol (manufactured by Ciba Specialty Chemicals 

■ .; Co., Ltd.) , .• ■ • ■ ; '. ■. v / 

SumilizerGM: ' ; , "■ 

5 2-Tert-butyl-6-(3 , -tert-butyl-5-methyl-2 , -hydroxybenzyl)^methylphenyl 

acrylate (manufactured by Sumitomo Chemical Co., Ltd.) 

Irganox 1010: , ; . ^ \\ V 

: Pehtaerythritolteto^ 

(manufactured by Ciba Specialty Chemicals Co., Ltd.) 

10 Irganox 1035: v ; ' ; - "". ■ 

Thiodiethylenebis[3-(3,5-di-tert-butyl-4-hydr6xyphe 
(manufactured by Ciba Specialty Chemicals Co., Ltd.) 
Irganox .11 35: ' V ' . • ; 

Benzenepropanoic acid, ' 3 f 5-bis(1 l 1-dimethyIethyl)^hydro^-.C 7 -C9 
15 ; branched alkyl ester (manufactured by Ciba Specialty Chemicals Co., Ltd.) 
lrganox^259: . / . . ; 

Hexamethyjeneb^^ 

(manufactured by Ciba Specialty Chemicals Co., Ltd.) 
SumilfzerWX-R: 

20 4 l 4'-Thio-bis-(3-methyl-6-tert-butyl-phenol) (manufactured by Sumitomo 

Chemical Co., Ltd.) 

As is clear from Table 1 , the cured products of the liquid curable 
resin compositions comprising the component (D) exhibited excellent stability in 
25 fluorescent light and superior heat stability: 

Effect of the Invention "I : ■ ... 

/ The cured products made from the liquid curable resin 
composition of the present invention exhibit excellent light resistance and superior 
30 heat stability. The resin composition is suitable for use as a coating material for 
optical fibers. . 
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-, v — .. ; . CLAIMS- "-v'^' ■' . ' 

1. Coated optical fiber or ribbon structure having at least one coating layer, 
which coating before curing comprises (A) a urethane (meth)acrylate 

L 5 : '.; : r — oligomer comprising a polyether backbone (B) an unsaturated _ ; 

polymerizable compound, (C) a photoinitiator and an antioxidant (D) in 
which the cured composition as a 200 jxm thick film exhibits a yellowing 
index after five days exposure of less than 5, and a Youngs modulus / 

V / : retention rate of more than 70% after aging for 30 days at 100°C. 

10 2. A liquid curable resin composition for coating optical fibers comprising (A) 
a urethane (meth)acrylate oligomer, (B) an unsaturated polymerizable 
compound, (C) a photoinitiator, and (D) a compound shown by the 
; following formula (1), ; , , -A ,\ 



15 : 



OH 




/ wherein R a represents a hydrogen atom or an alkyl group having 1-4 : ■ 
carbon atoms and R b and R c individually represent alkyl groups having 1- 
12 carbon atoms:, or 24e^t-butyl-6~(3-tert-butyl-5 , -methyl• : 2 , - 
20 . hydroxybenzyl)-4-methylphenyl acrylate. ; : r ' 

: : 3. ^ The liquid curable resin composition according to claim 2 wherein R a is a 
V methyl group and R b and R c are octyl groups. 
4. The liquid curable resin composition according to claim 2 or 3, wherein 
the urethane (meth)acrylate oligomer (A) comprises a polyether \ 
'.25 ■;. backbone... " '*^ : '' : ' ■ • : • . 

\ 5; Liquid curable resin composition for coating optical fibers comprising (A) 
a urethane (meth)acryiate oligomer comprising a polyether backbone (B) 
. an unsaturated polymerizable compound, (C) a photoinitiator and an 
. > •• antioxidant (D) in which the cured composition as a 200 (xm thick film 
30 exhibits a yellowing index after five days exposure of less than 5, and a 

Youngs modulus retention rate of more than 70% after aging for 30 days 
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at 100°C. V ' / ;" ■•: : ' \ : : 

6. . The liquid curable resin composition according to any one of claims 1 to 
5, wherein the. photoinitiator (C) is 2,4,6-trimethylbenzoyl- 
diphenylphosphine oxide. 
5 7. Use of a liquid curable resin composition according to any one of claims 
2 to 6, for coating optical fibers. 
8. A cured coating layers obtained by photocuring the liquid curable resin 
composition according to any one of claims 2 to 6. 
• ' A coated optical fiber or ribbon structure or cured coating layer of claim 1 

10 or 8 wherein the coating layer is a primary coating on- an optical glass 

. ,' .■ fiber. . ' : ' • . -. *" \ •. 

10 . A coated optical fiber or ribbon structure or cured coating layer of claim 1 
or 8 wherein the coating layer is a secondary coating on a primary coated 
optical glass fiber. \ ] ' ; ; 

15 11. A coated optical fiber or ribbon structure or cured coating layer of claim 1 
or 8 wherein the coating layer is a matrix material binding a plurality of ; 
... coated optical glass fibers. : ; • < 



BNSDOCiD: <WO 01B3393A2 I > 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau . 

(43) international Publication Date 
8 November 2001 (08.11.2001) 




PCT 



(10) International Publication Number 

WO 01/83393 A3 



(51) International Patent Classification 7 : 
C03C 25/10 



C09D 4/06, 



(21) International Application Number: PCT/NL0 1/00321 

(22) International Filing Date: 25 April 2001 (25.04.2001) 

(25) Filing Language: . ' ' English 

(26) Publication Language: English 



(30) Priority Data: 

2000-132195 



May 2000 (01.05.2000) JP 



(71) Applicants (for all designated States except US): DSM 
N. V. | NL/NL] ; Het O verloon 1 , NL-64 1 1 TE Heerlen (NL). 
JSR CORPORATION | JP/JPJ; JSR Building, 2-11-24, 
Tsukiji, Chuo-kii, Tokyo 104-8410 (JP). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): MASE, Masahito 
{JP/JP]; 3-17-1-204 Namiki, Tsukuba, Ibaraki 305-0044 
(JP). NOMIYAMA, Hitomi [JP/JP]; 2-13-28-416,. 
Kawaguchi, Tsuchiura, Ibaraki 300-0033 (JP). 
YOSHIZAWA, Junji [JP/JP]; 2-1 3-28, . kawaguchi, 
Tsuchiura City 300 (JP), KOMIYA, Zen [JP/JP]; 
2-18-33 Ml-3 Umezono, Tsukuba, Ibaraki 305-0045 (JP). 
UKACHI, Takashi [JP/JP]; 5-22-9 Kamiya, Ushiku, 
Ibaraki 300-1216 (JP)! 



(74) Agent: DEN HARTOC, J., H„ J.; DSM Patents & Trade- 
marks, P.O. Box 9, NL-6160 MA Geleen (NL). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU; 
AZ, BA. BB, BG, BR. BY. BZ, CA, CH, CN, CO. CR, CU. 
CZ, DE, DK. DM. DZ. EE, ES, FI, GB, GD, GE, GH, GM, 
HR, HU, ID, 1L, IN, IS, JP, KE. KG, KP, ICR, KZ, LC, LK, 
LR, LSi LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, 
MZ, NO, NZ; PL, PT, RO, RU, SD, SE, SG, SI, SK, SL. 
TJ, TM, TR, TT, TZ. UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH. GM. 
KE, LS, MW. MZ: SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, Fl, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: . . • ' 

— with international search report 

(88) Date of publication of the international search report: 

28 March 2002 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: LIQUID CURABLE RESIN COMPOSITION FOR OPTICAL FIBERS. 



OS 

m ■ . 



O 



OH 




CH 2 S-R C 



0) 



(57) Abstract: A liquid curable resin composition comprising for optical fibers (A) a 
"ufetKahe (rneth)acrylate oligomer In particular an oligomer comprising a polyether back- 
bone. (B) an unsaturated polymerizable compound, (C) a photoinitiator, and (D) an an- 
tioxidan which causes the cured coating to exhibit a yellowing index after five days expo- 
sure of less than 5. and a Youngs modulus retention rate of more than 70 % after aging for 
30 days at 100 °C. In particular, component D can be a compound shown by the following 
formula (1), wherein R a represents a hydrogen atom or an alkyl group having 1-4 carbon 
atoms and R h and R c individually represent alkyl groups having 1-12 carbon atoms, or 
2-tcrt-butyl-6-(3 , Hert-butyl-5 , -methyl-2 , -hydroxyberayl)-4-methylphenyl acrylate. 



BNSDOCID: <WO 0183393A3J, > 



INTERNATIONAL SEARCH REPORT 



Inte onal Application No 

PCT/NL 01/00321 ' 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 . C09D4/06 • C.03C25/10 



According lo Iniemaiional Palent Classification (IPC! or lo both national cla ssilicaiion and IPC ■ 
B. FIELDS SEARCHED 



Minimum documeniaiion searched (classitication svslem tollowed by classiticanon symbols i% 

IPC 7 C09D C03C .. , 



&. oc ^™£^^^ to ihe exienl thai such documents are included »n the fields searched 



blectrontc data base consulted dunng tho iniemaiional search (name ol data base and where practical, search lerms usedt 

WPI Data . : ' . : . . -V V ,. • • • ' ^."-V 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 



Guaiion of documenl. wrth indication, where appropnate. of the relevant passages 



Relevant lo claim No 



WO 92 17535 A (RED SPOT PAINT & VARNISH 
CO. INC.) 15 October 1992 (1992-10-15) ' • 

WO. 99 31161 A ( BORDEN CHEMICAL INC . ) : 
24 June 1999 (1999-06-24) 

CHEMICAL ABSTRACTS, vol . Ill, no. 10, 5? 
4 September 1989 ( 1989-09-04) ^: 
Columbus, Ohio, US; ^ — 

abstract no. 82983, "RESIN COMPOSITIONS 
FOR OPTICAL FIBER COATINGS WITH LOW -. 
TRANSMISSION LOSS." 
page 316; . ,. • ' . 

XPOOO153090 : : ' 

abstract 

& JP 62 215663 A ( SUMITOMO CHEM, CO. LTD ) 
22 September 1987 (1987-09-22) 



□ 



F urther documents are listed in the continuation ot box C; 



Patenl family members are listed tn annex.. 



° Special categories ol ciled documents : . 

"A" documenl defining the general stale ol Ihe art which is not 
considered to be of particular relevance 

•f_* earlier document but published on or after the iniemaiional 
tiling date 

'L* document which may throw doubts on priority clatm(s) or 
which is ciled lo establish the publicalton date ot another 
citation or oiher special reason (as specilied) * 

•O". document reternng to an oral disclosure, use. exhibition or 
other means, 

'R" documenl published prior to ihe iniemaiional filing date but 
later than the priority dale claimed 



•T' laier document published after the iniemaiional tiling dale 
or priorny date and not in conflict with the application but 
ciled 10 understand the principle or theory underlying the: 
.. . invention , * .. „ 

*XV document ot particular relevance: the claimed inveniion 
cannot be considered novel or can no] be considered lo .. 
involve an inventive step when the documenl is taken alone 

"Y* document ol particular relevance: the claimed invention 

cannot be considered to involve an inventive siep when ihe 
documenl is combined wilh one or more oiher such docu- 

' " „ . ments. such combinalion being obvious to a person skilled 
in the an. ' • •', • ' 

documenl member of the same patent family 



Oate ot the aciual completion ol the international search 



23. October 2001 



Dale ol mailing ot the international search report 

• 05/11/2001 



Name and mailing address ot ihe ISA 

European Patent Oltice. P. 8. 5818 Paieiillaah 2 
■; ■ NL -.2280 HV.Riiswijk 

Tel. (+31-701 340-2040. Tx/3l 65Veponl.' 
Fax: (+31-70) 340-3016 



Authorized officer 



Cauwenberg,' C " 



Forrn PCT7ISA/210 (second sneel I (July 19921 



BNSDpCID:<WO; 01B3393A3J_> 



INTERNATIONAL SEARCH REPORT 

. - information on patent. tamny memDers f 



Inte* { onal Application No 

PCT/NL .01/00321 



Patent document . 
cited in search report . ; 


^Publication-. 


. Patent tamny : 
memberts)- ,. ' ' 


" Publication; ' * .v"- 
■ date '- . \ .* • ' 


- ' WO 9217535 A 


- 15-10-1992 


AU 


. 665948 B2. 


' 25-01-1996 






AU ■■ 


• 1902292 A 


02-11-1992 






BR , . 


- 9205855 A 


27-09-1994 : ' 






• ..CA. 


.2107353 Al 


04-10-1992 V 




; . V. v> ' " ; - : - " 


CZ. 


9302048 A3 


.16-03-1994 






: DE 


69229343 Dl 


08.-07-1999 






• DE 


69229343 T2 


03-02-2000 






DK ■ 


.581872 T3 . 


15-11-1999 




1 " ' ■ r . '• , •. 


. EP 


. 0581872 Al". 


. 09-02-1994 




>-V. •'. ' \. - ■ 


HK 


1014193 Al 


21-07-2000 






IE • 


921047 Al > " 


07-10-1992 




•' .; , ; • ' ; • , 


JP • 


•5098187 A ' 


20-04-1993 




. ' W • '.;..•/ 


KR 


243803 B.l '•' 


• 01-02-2000 




• ' . : : \ > . - ,■ 


MX ;■ 


■ 9201529 Al 


01-10-1992 




" ■ '" . .o 


wo : 


9217535 Al, 


15-10-1992 


■'■ ' :. ^ '-- '' :\ ' - " ' : 




us ' 


"6087413 A 


11-07-2000 






us 


. 5977200" A. • , . 


02-11-1999 


WO. 9931161 A 


; 24-06-1999 ■ 


us 


6048911 A . 


11-04-2000 






.CM. 


1246874 T 


08-03-2000 






EP ' • 


0964881 Al .' : 


22-12-1999 






.. NO - 


993874 A " ■ 


27-09-1999 






WO. 


9931161 Al' \ 


; . 24-06-1999 


. JP 62215663 A' 


22-09-1987: 


- JP : 


: 7021124 B\ • 


•' .08-03-1995 . 



Form PCT/ISA/2 10 (oaiont tamity anno«HJuty 1992) 
BNSDOCID: <WO 0183393A3J.> , . 



